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I INTRODUCTION 
The varying effects of different crops upon soils is 
indicated in rotation systems through the subsequent growth 
of other crops* The actual nature of the cause of the 
effect of one crop upon another has never been fully de¬ 
termined, although it has long been thought to accrue from 
the decomposition of plant residues* It is the observation 
of Eisenmenger (H) that, in general, those crops containing 
the greatest amounts of lignin have a depressing effect 
upon the growth of crops that follow* Whether the cause 
of this effect is due to a high lignin content or to other 
plant constituents associated with a high lignin content is 
not known. 
By reason of its character, lignin is particularly 
prominent among the organic substances that enter into the 
earth*s crust. The resistance of lignin to microbial attack 
has caused lignin to be known as ’’the basis of soil humus”. 
To lignin are ascribed many beneficial agronomic effects. 
Lignin is generally recognized as the chief contributor to 
soil humus, a receptor of nutrient cations, and a con- 
server of soil nitrogen* There are, however, indications 
that the lignin of plant residues may have injurious 
effects upon the growth of other plants. Certain aromatic 
plant toxins, that have been isolated from soils, are 
thought to derive from lignin (22)* Furthermore, Gamer 
and his associated (7) reached the following conclusions 
2 
after an extensive investigation of cropping effects* 
”The results of these cropping tests furnish a group of 
results which are not wholly explainable either on the basis 
of the plant food theory or of parasitic diseases* These 
crops are of a transitory character in so far as they are 
toxic or injurious and are markedly influenced by the 
character of the soil and weather conditions”• 
In view of the many agronomic effects that have been 
attributed to lignin, it is the purpose of this study to 
determine the lignin and methoxyl content of some common 
crops at different stages of growth* 
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II REVIEW OP LITERATURE 
Payen is generally recognized as the first investigator 
to seriously attempt to interpret analytical data on lignin. 
In 1838, Payen endeavored to separate woody tissue into its 
component parts by treatment with nitric acid and potassium 
hydroxide. He definitely identified the basic portion of 
wood as cellulose, and this he assumed was mechanically en¬ 
crusted by a substance which was found to be richer in 
carbon# Payen applied the term “matieres encrustants” to 
this substance, although it had been previously named 
lignin by de Candolle. (10) (18) (8) 
Since the work of Payen, much attention has been directed 
to lignin by research workers the world over, due to its 
frequent occurence in nature and to its wide spread economic 
importance, but although the literature on lignin has be¬ 
come voluminous, the knowledge of its chemistry remains 
meager. The elementary analysis of lignins, as Isolated by 
different methods, has been found to be strikingly similar, 
consisting of about 64 per cent carbon, 6 per cent hydrogen, 
and 30 per cent oxygen, but this unfortunately discloses 
little of its nature or properties. It is the general 
opinion that lignin is a heterogenous cell wall constituent 
ncontaining condensed, unsaturated aromatic nuclei with an 
aldehyde or ketone group and is substituted by hydroxyl, 
methyl, and possibly acetyl groups” (13). 
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The presence of the methoxyl group in lignins of 
different sources has been definitely established. Puchs (6), 
traced the lignin and the methoxyl content of plants 
through their evolutionary development and found thfrt the 
formation of lignin is connected with their development. 
From the algae through the mosses to the higher terrestrial 
plants, increasing amounts of lignin are found. The methoxyl 
content of the lignin of moses are found to be low, increasing 
in the lycopodiums to the methoxyl-rich lignin of the more 
highly evolved plants. 
Results similar to those observed In the evolutionary 
development of plants have been found with respect to the 
growth of plants from the seedling stage to maturity. 
Bechmann, Llesche, and Lehmann (3) determined the lignin 
and the methoxyl content of a few woods and straws. An 
increase in the percentage of lignin, and the methoxyl 
content of lignin of the stalks and leaves of the rye plant 
was observed as the plant matured. 
The methoxyl content of plant tissue was used by some 
of the early investigators as an index to the percentage of 
lignin in plants (18). It is now known, however, that this 
constituent group is not exclusive to llgnified tissue, for 
the purest preparations of pectic substances contain as 
much as 12 per cent methyl alcohol in an e^her-like linkage 
and a methyl ester group, (8), anu other naturally occurring 
substances such as gums (1), hemicelluloses (21), volatile 
oils (16), and alkaloids (16) contain the methoxyl group 
In variable amounts# Alkoxyl groups, other than methoxyl, 
are known to occur in plant tissue in small quantities, 
The ethoxyl group, however, is only Infrequently found, 
while other alkoxyl groups that contain a greater number of 
carbon atoms than the ethoxyl group, rarely occur (16), 
The alkoxyl group of isolated lignins is thought to consist 
wholly of the methoxyl group, as has been found to be true 
in the case of the lignin of oat hulls (14)# 
It has been pointed out that the lignin, and the 
methoxyl content of lignin, vary greatly in different plants 
and vary at different stages in the growth of these plants# 
Wide differences are found in the character and the 
amounts of lignin Isolated from plant materials when dif¬ 
ferent methods for Its analysis are employed# The lack of 
correspondence of the results of analysis are more apparent 
in relatively low ligneous tissue, such as was used in this 
investigation (17), It is for this reason that the fo!~ 
lowing review of literature will be confined to those 
investigations that have employed the same or closely re¬ 
lated methods# 
Phillips, Davidson# and Welhe (15)# in a study of 
factors that cause the lodging of wheat# determined the 
lignin, methoxyl# nitrogen# silica# and ash content of the 
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wheat stalk at weekly Intervals, from the time the plants 
were approximately 15 inches in height to maturity. It was 
found that the percentage of total nitrogen and ash de~ 
creased with the maturing of the wheat plant, while the lignin 
and the methoxyl content of lignin steadily Increased. The 
average percentage of methoxyl in the fully mature original 
plant materials was found to be about 3.1 per cent,*lignin 
16.0 per cent, and the methoxyl content of Isolated llgin, 
10.0 per cent. 
FIGURE I 
PARTIAL ANALYSIS OF THE LEAVES AND STAIZS OF BARLEY 
i AT WEEKLY INTERVALS (lg) 
io 20 30 Uo 50 6o 70 go 90 
afce of plant (days) 
- Methoxyl In original plant material 
 Methoxyl in lignin 
—-- Lignin 
- Ash in original plant materiel 
 Nitrogen in original plant material 
Phillips and Goss (19) studied the composition of the 
leaves and stalks of the barley plant at seven day Intervals 
during its growth and maturity. It was found that after an 
initial increase, the percentage of ash and nitrogen in the 
original plant material declined steadily as it approached 
maturity. The percentage of lignin, as well as the methoxyl 
of lignin, increased with the age of the plant, the most 
noticeable increase occurring during the advace stages of 
growth. The percentage of total extractives (alchol- 
benzene mixture, cold water, and 1 per cent hydrochloric 
acid) decreased though not uniformly as the plant matured. 
The methoxyl content of the original plant material was 
found to reach a maximum of 2.91 per cent, and the methoxyl 
content of lignin 16.31 per cent. The percentage of ash 
and nitrogen in crude lignin v/as found to decrease, in 
general, as the barley plant grew older. The percentage of 
cellulose Increased rapidly as the plant aged, although a 
slight decrease was observed during the latest stages of 
maturity. In Figure I, the per cent of ash, nitrogen, 
lignin, and methoxyl in the original plant material, and 
the percent of methoxyl in lignin are plotted against the 
age of the barley plant, as found by these investigators. 
Phillips et al. (20) studied the composition of the 
various parts of the oat plant at weekly intervals during 
its entire growth, in an attempt to learn something con¬ 
cerning the formation of lignin in plants. It was found 
that the percentage of lignin and methoxyl in the original 
plant material, and the methoxyl content of lignin, increased 
as the oat plant grew older. The roots were found to contain 
a higher percentage of lignin, and methoxyl in lignin, than 
the other plant parts* An increase in the weight of total 
lignin was observed throughout the entire period of growth* 
The per cent of ash in the original plant material was found 
to decrease in nearly all parts of the plant, although the 
absolute quantity of ash increased in a regular manner. After 
an initial increase during the seedling stage, the percentage 
of nitrogen declined with the age of the plant. A rapid 
increase in the absolute quantity of nitrogen occurred during 
the early stages of growth, which declined steadily as the 
plant matured* The results of this investigation led Phillips 
and his associates to believe that either glucose or sucrose 
are the precursors of lignin. The authors suggest that 
"among the first steps in the synthesis of lignin is the 
production of a substance or substances having firmly bound 
(in ether-like combination) methoxyl groups, which may be 
formed in the course of splitting up carbohydrates by a 
process of hydrolysis, oxidation, reduction, and dehydration. 
The observed presence of large quantities of substances, 
presumably carbohydrates, containing firmly bound methoxyl 
groups and the gradual decrease of these substances with 
the increase in the content of lignin lends support to this 
hypothesis.” In Figure II, the per cent of ash, nitrogen, 
9 
lignin, amd methoxyl in the original plant material, and 
the per cent of methoxyl in lignin are plotted against 
the age of the oat plant. 
FIGURE II 
PARTIAL ANALYSIS OF CLUM3, SHEATH, AND LEAVES OF THE OAT PLANT 
AT TOSKLY INTERVALS (19) 
of plant (weeks) 
Methoxyl in original plant material 
Methoxyl in lignin 
Lignin 
Agh in original plant material 
Nitrogen in original plant material 
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III METHODS OP ANALYSIS 
m 0 
The following determinations were made* 
Moisture — A weighed alr*dry sample of each plant material 
was dried at 105° C. and the loss in weight determined# The 
weight of all subsequent samples were calculated to their 
dry basis, with the exception of the materials used in the 
determination of carbon and methoxyl in which cases the plant 
materials were oven-dried at 105° C. before using# 
Ash — Ash was determined by ignition a weighed sample in 
an electric muffle furnace at 6000 C. and weighing the 
inorganic residue# 
Carbon — All carbon determinations were made by passing a 
stream of oxygen through a combustion tube containing a weighed 
sample of material (5)• The carbon dioxide evolved was 
collected in a weighed absorption bottle containing Ascarite. 
Prom the weight of the carbon dioxide absorbed, the percentage 
of carbon was determined. 
Nitrogen — The total nitrogen in the original plant material 
was determined by the KJeldahl Method, modified to Include 
the nitrogen of nitrates (2). 
Methoxyl group — The methoxyl group of the original plant 
material was determined by the Kirpal-Buhn (16) modification 
of the Zeisel method# This method is dependent upon the 
11 
quantitative absorption of the methyl iodide that is evolved 
from the distillation solution of phenol and hydriodic acid, 
and a weighed sample of plant material, in pyridine* The 
exoess pyridine is evaporated off on a steam hath and the 
remaining pyridium methyl iodide is precipitated as silver 
iodide from an acid solution of silver nitrate. From the 
weight of the silver iodide obtained, the percentage of 
methoxyl is calculated. 
lignin — For the determination of lignin, the Goss-Phillips 
(9) fuming hydrochloric acid method was used, a direct method 
based upon: 1. the removal by extraction of certain plant 
constituents that yield insoluble residues with strongly acid 
solutions; 2. the hydrolysis and removal by filtration of 
those carbohydrates that are associated with lignin, leaving 
the crude lignin as an insoluble residue; 3. the determination 
of ash, methoxyl group, and nitrogen in crude lignin. 
A weighed quantity of plant material, ground to pass an 
OO-mesh sieve, was successively extracted with 1-2 alcohol- 
benzene mixture, boiling water, and hot 1 per cent hydro¬ 
chloric acid solution. The extracted material was dried at 
105° C. and the loss of extractives determined. Three 1 gram 
samples of the extracted material were each placed in stoppered 
tubes containing 50 ml. of hydrochloric acid, (sp. gr. 1.212- 
1-223 at 15r C.) through which was bubbled hydrogen chloride for 
2 hours. The tubes were then sealed off and allowed to remain 
12 
for 24 hours, the temperature being kept constant (8-10° C.) 
throughout the entire operation. The contents of the tubes 
were then diluted with water to a 4-5 per cent hydrochloric 
acid solution and boiled under a reflux condenser for 1 hour. 
The insoluble residues were then collected on filters, washed, 
dried, and weighed, and the per cent of crude lignin determined. 
Ash in crude lignin — The per cent of ash in one crude lignin 
sample was determined by loss on ignition in a muffle furnace 
at 600° C. 
Methoxyl in crude lignin — The methoxyl content of a second 
crude lignin sample was determined by the method previously 
mentioned. 
Nitrogen in crude lignin — The nitrogen of a third sample of 
crude lignin was edtermined by the KJeldahl-Gunning-Arnold 
Method (2), the factor 6.25 being used for conversion to 
protein. 
By subtracting the weight of protein and ash found 
in the crude lignin, the percentage of lignin and methoxyl 
was calculated. 
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IV MATERIALS 
The plant materials used in this study were grown under 
comparable conditions on the rotation plots of Massachusetts 
State College, The soils of these plots are a Merrimac 
sandy loam, and have received identical fertilizer treatments 
for many years. The crop plants used appeared to make normal 
growth throughout the entire season. 
The plant materials used were: 
Jerusalem artichoke ,,,, Helianthus tuberosus L. 
,* Hordium vulgare 
Fagopyrum esculentum 
•, Zea maize L, 
,, Setaria italica L, 
,, Avens sativa L, 
,, Brassica napus 
Secale cereale L, 
,, Sorghastrum - vulgare 
,, Sorghastrum sudanensis 
,, Fhleum pratense L, 
Tobacco Nicotiana tabacum L* 
Samples of the above ground portion of these plants, 
were grathered at various stages of growth. The first 
sample was taken when these crops were in a stage of rapid 
vegetative growth. The second sampling was made when the 
Barley 
Buckwheat 
Com 
Millet 
Oats 
Rape 
Rye 
Sorghum 
Sudan 
Timothy 
Ik 
crops were nearing maturity,being in the dough stage of 
seed development. The third sampling was made of the mature 
crop. An exception in the time of sampling was made in the 
case of Jerusalem artichoke, which does not fully mature In 
this climate. The Jerusalem artichoke was sampled at regular 
intervals up to a stage of growth that closely approximates 
the second sampling of the other crops# 
All samples were air-dried in the field, with the ex¬ 
ception of the plant materials gathered in the first sampling 
which were dried in a steam oven at 50-60° C.. The plant 
materials were first ground in a Wiley mill, and then ground 
in a Ball mill fine enough to pass an 80-mesh sieve. These 
prepared samples were then stored in bottles and were used 
for all subsequent analysis# 
15 
V PRESENTATION OF RESULTS 
The results obstained in this investigation are pre¬ 
sented in tabular and graphic form. These analyses are ex¬ 
pressed in per cent of dry weight, and as such, may be 
interpreted to disclose the absolute increase or decrease of 
the various plant constituents at different stages of growth. 
It should be further recognized in comparing analytical data 
of different biological systems that because of the difficulties 
Involved in selection represenatlve samples at comparable 
stages of development, minute variations in results do not 
constitute significant differences* 
In Table I, the percentages of some of the components 
of the original plant material, crude lignin, and lignin are 
given at various stages in the growth of the plants* 
Figures III - XI show the per cent of carbon, ash lignin, 
and total nitrogen in the various plants at different stages 
of growth. 
Figure XII presents the per cent of lignin in the 
various plants at different stages of growth. 
Figure XIII presents the percentage of methoxyl in the 
different lignins. 
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VI DISCUSSION OP RESULTS 
LIGNIN 
The percentage of lignin In each of the different 
annual crop plants was found to increase at successive stages 
of growth, which is in accordance with the findings reported 
in the review of literature• The per cent increase of lignin 
was found, in general, to be nearly the same at successive 
stages of growth, although the magnitude of increase varied 
with the different plants. Presented graphically in Figure XI 
is the percentage of lignin found In the various plants at 
different stages in their development. 
It was found that the percentage of lignin in the plant 
materials of the first sampling was low, being in all cases 
below 5 per cent. Tobacco and rape contained the lease lignin 
at this stage of growth, having 1,7 and 2,1 per cent respec¬ 
tively, while oat and com contained the greatest amounts, 
4.9 per cent each. 
An increased lignin content was found in each of the plant 
materialr of the second sampling, and a wider variation 
in the percentage of lignin existed in the different plants. 
This Is shown In the following tables 
Plant Per cent Plant Per cent 
Lignin Lignin 
Rye 
Corn 
Oat 
Barley 
Artichoke 
Timothy 
9.9 
8.9 
8.6 
7.8 
7.4 
6.7 
Buckwheat 
Rape 
Tobacco 
Sorghum 
Millet 
Sudan 6.6 
6.1 
5.8 
5.1 
4.8 
3.9 
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When fully mature, the percentage of lignin in a few of 
these plants was found to he in the following orders rye 15*9, 
com 15«5, timothy 12.6, buckwheat 10.3# and tobacco 9.7 per 
cent. Prom these results, and from those reported in the 
review of literature, it would appear that the lignin content 
of the common, mature, annual crop plants, although variable, do 
not greatly differ in their percentages of lignin. 
METHOXYL CONTENT OP LIGNINS 
The methoxyl content of the lignins isolated from different 
plants was found to increase with the growth of these plants, 
and with their increasing lignin content. At comparable stages 
of growth, it was found that wide variations in the percentages 
of methoxyl in the different lignins existed. For Instance, 
the methoxyl content of the lignin from the second sampling of 
rape was 3 3 per cent, while that of oat was 12.3 per cent. The 
lignin content of these plants was 3*4 and 7.4 per cent respec¬ 
tively. While in the majority of cases, the results show a 
similar trend between the methoxyl content of lignin and the 
lignin content of the same plant, no relationships was found 
to exist when the methoxyl content of different lignins was 
used as an index to compare the percentages of lignin in these 
plants. This may be seen from Figures XI and XII. The results 
thus indicate that the methoxyl content of lignins differ both 
with its source and with the maturity of the plant from which 
it was obtained* 
METHOXYL CONTENT OF THE ORIGINAL PLANT MATERIALS 
The percentage of methoxyl in each of the original plant 
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materials was found to Increase at successive stages of plant 
growth. The greatest increase in the percentage of methoxyi 
was found in the plant materials of the third sampling. This 
marked increase at maturity, is du^ both the increase of lignin, 
and the methoxyi group of lignin. At comparable stages of 
growth each of the different plant material contained ap¬ 
proximately the same percentages of methoxyi, although there was 
a trend for the greatest amounts to occur in those plants con¬ 
taining the largest percentages of lignin. The apparent reason 
why no strict relationship was found to exist between the lignin 
and the methoxyi content of the original plant materials is 
due to the fact that different lignins contain different amount 
of methoxyi, and that plant constituents, other then lignin, 
contain the methoxyi group in appreciable amounts. The lack of 
correspondence between lignin and the methoxyi content of the 
original plant materials was not as pronounced In the plant 
materials of the third sampling. Table I. The cause of this 
closer conformity has been pointed out by Phillips et al. (19)# 
who found that at the later periods in the growth of plants, 
the constituents containing the methoxyi group, other then lignin, 
gradually decrease, where as, the lignin and its methoxyi 
content Increases. The percentage of methoxyi in rape was 
found to be of the same magnitude as that in the other plant 
materials, at comparable stages of growth. Since, the lignin 
content of rape was found to be relatively low, and Bines the 
methoxyi content of its lignin was likewise low, it appears 
3? 
that other constituents In rape contain appreciable quantities 
of the methoxyl group* 
NITROGEN, CARBON, ASH 
Accompanying the Increase of the lignin and the methoxyl 
content of these plant materials at their successive stages of 
growth, it was observed that there was a change in the pro¬ 
portion of some of the other plant components* 
The percentage of nitrogen in each plant material was 
found to decrease with advancing stages of maturity, which is 
in accordance with the findings reported in the review of 
literature. Conversely, as previously indicated, there was an 
increase of lignin in the successive stages of plant growth* 
It Is thus apparent, that concomitant with an Increase In the 
percentage of lignin in the plant materials there was a decrease 
in the percentage of nitrogen. This relationship Is graphically 
presented. Figures III * X. 
The percentage of carbon in each of the different plant 
materials was found to increase at progressive stages of growth. 
It was found, on the whole, that the different plant materials 
contained approximately the same percentages of carbon at com¬ 
parable stages of growth may be seen from Table I. These 
results agree, in general, with those of Hicks (11) (12) who 
observed that after an intial decrease during the seedling stage, 
the percentage of carbon in annual plants gradually Increased 
with the beginning of active photosynthesis. It was thus noted, 
that accompanying an increase In carbon, there was an increasing 
percentage of lignin. 
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The carbon-nitrogen ratio was found to widen with the 
growth and maturity of each of the different crop plants. The 
most obvious increase in this ratio occured in the fully mature 
stage of growth, resulting from the rapid decline in the per¬ 
centage of nitrogen, and the increased carbon content of the 
plant materials. This observation is in accordance with the 
findings of Hicks (11) (12), who studied the carbon-nitrogen 
ratio of different parts of the wheat plant at various stages 
of growth. It was thus noted, that concurrent with an in¬ 
creasing percentages of lignin in the different plants at suc¬ 
cessive stages of growth, there was a widening of the carbon- 
nitrogen ratio. 
The percentage of ash in each of the plant materials was 
found to decrease in the successive stages of plant growth. The 
percentage of ash in tobacco and artichoke at the first sampling 
stage was found to be considerably greater than that observed 
in the grasses. A decreasing ash content was thus found to 
accompany an increasing percentages of lignin, with plant 
maturity. These analyses are presented in Table I. 
The precentages of total extractives, ( alcohol-benzene, 
hot water, and 1 per cent hydrochloric acid) was found, in 
general, to decrease with the advancing stages of plant maturity. 
This heterogeneous fraction indicated the percentage of plant 
components that are removable by mild treatment. 
The percentages of ash and nitrogen in crude Isolated 
lignin showed irregularities, but decreased, in general, in the 
successive stages of plant growth. 
vii summary: 
A study was made of lignin and methoxyl content 
of 12 annual crop plants at successive stages in their 
development. 
The percentages of lignin and methoxyl In the 
original plant materials, and the methoxyl In isolated 
lignin was found to increase at successive stages of 
growth* 
The methoxyl content of the lignins was found to 
differ both with the plant and with the stage of maturity 
of the plant. 
Changes in the proportion of some of the other 
plant constituents, accompanied the increasing per¬ 
centages of lignin and methoxyl. It was found that 
at progressive stages of growth there was a dimunition 
of total nitrogen, a decrease in the percentage of 
ash, and an increase of carbon, which, in conjunction 
with the decrease of total nitrogen, brought about 
a widening of carbon-nitrogen ratio. 
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